The characteristic of fish fauna and population Zacco koreanus was investigation in the Bongseonsa Stream Gyeonggi-do, Korea from May to September 2011. The collected species during the survey period were 22 species belonging to 9 families. Among them, one species (Cottus koreanus) was classified as an endangered species in Korea. Ten species (45.5%) were endemic species of Korea. Dominant species was Rhynchocypris oxycephalus (St. 1), Zacco platypus (St. 2, 4, 5, 7), Z. koreanus (St. 3), and Squalidus gracilis majimae (St. 6). When our data were compared with the previous data (1932, 31 species) and this date (23 spcies), Anguilla japonica, Acheilognathus signifer, Hemibarbus labeo, Hemibarbus mylodon, Gnathopogon strigatus, Saurogobio dabryi, psariichthys uncirostris amurensis, Lefua costata, Pseudobagrus fulvidraco, Pseudobagrus koreanus, Oryzias sinensis, Trachidermus fasciatus, Coreoperca herzi, Siniperca scherzeri, Micropterus salmoides, Macropodus chinensis and Channa argus 17 species were not sampled, but Pseudorasbora parva, Microphysogobio yaluensis, Orthrias nudus, Silurus microdorsalis, Odontobutis platycephala, Odontobutis interrupta and Micropterus salmoides 7 species could new taxa fiend its existence at the Bongseonsa Stream. Length-weight relation in the population of Z. koreanus was BW=0.0000007TL 3.03 , and condition factor in the population was average 0.78. Frequency analysis of total length indicated that the group 40~80 mm in total length is represented by one-year-old individuals, the group 90~120 mm by two-year-old individuals, and the group over 130 mm by three-year-old individuals. This species was stabilized spawn in the Bongseonsa Stream since then introduction, 2007.
Introduction
The Bongseonsa Stream, stretching over 6.4 km sources from Murim-ri, Namyangju-si, Gyeonggi-do and flows from Palya-ri, Jinjeop-eup, Namyangju-si into the Wangsuk Stream. The upstream, with the exception of approximately 2km, is located within the Gwangreung Arboretum. The Gwangreung Arboretum was designated as an arboretum in the 1930s, and its 1,118ha area has been conserved well in its natural forest state. The arboretum includes a total of 3,344 plant species, including 1,863 species of woody plants and 1,481 species of herbaceous plants, and is known to include 1,663 species of mammals, birds and terrestrial insects (htt://www.kna.go.kr). The arboretum is the only academic forest reserve of Korea and has been designated as a World Biosphere Reserve by the UNESCO. A number of studies have been conducted actively on the plants and land animals of the arboretum. On one hand, study on the fish fauna of Bongseonsa Stream of the Gwangreung Arboretum includes only a single study conducted in 1932 (Forestry Exp. The Government-General of Korea), and a study was conducted in 2007 (Choi and Byeon, 2009 ) on the fish population of the area. Studies on the fish found in the Wangsuk Stream water system connected to water system similar to waters found in an arboretum was conducted by Cha and Yun (1997) and Son (1999) , and studies on the fish found in the Han River downstream with influx of the Wangsuk Stream include those by Choi et al. (1968) , Choi (1987) , Choi and Byeon (1999) , Jeon (1990) , Cho et al. (1994) and Byeon et al. (1998 Byeon et al. ( , 2002 Byeon et al. ( , 2007 . Currently, there is a need to compare and analyze the changes of fish fauna of the Bongseonsa Stream with relation to past documents and studies, and there are restoration products currently being undertaken for the biodiversity of Gwangreung Arboretum. Furthermore, the inhabitation condition of Zacco koreanus, which were introduced and restored in the area in 2008, needs to be examined. In addition, there is a lack of basic data for assessing the fish species diversity and for establishing methods of improving habitat conditions and water quality. This study aims to propose methods for systematic water system management and fish fauna protection after analyzing the unique traits of the fish fauna of the Bongseonsa Stream located within the Gwangreung *To whom correspondence should be addressed.
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Arboretum.
Materials and Methods

Study period and study sites
This study was conducted between May and September of 2011, over 3 sessions (1 st : May 14 th and 15 th , 2011, 2 nd : June 23 th and 24 th , 3 rd : August 12 th and 13 th ). Study sites included 5 sites in the main stream of the Bongseonsa Stream, 1 site in a tributary of the Bongseonsa Stream, and 1 site in the confluence which meets the Wangsuk Stream, for a total of 7 study sites ( Fig. 1 The water surface width, water depth and riverbed structure were studied. Studies on water width and water depth were conducted in May, in 3 different study sites surrounding the central stream. A tape measure was used, and the riverbed structure was observed with the naked eye using method by Cummins (1962) . Cast net (5×5 mm mesh, 10 times per site) and skimming net (4×4 mm mesh, 30 minutes per site) were used for fish collection in each study site, in accordance with the individual site's aquatic environment. The collected fish were identified and set free, while a number of the fish collected were placed in 10% formalin solution to be moved to a lab facility for identification. The identification and classification of the collected fish were based on documents by Uchida (1939) , Chyung (1977) , Kim (1997) , Choi, et al. (2002) and Kim et al. (2005) . Document by Nelson (2006) was used for taxa classification. In order to analyze the level of growth condition and reproductive ability of Z. koreanus based on environmental differences, the length-weight relationship and degree of obesity of the individuals collected in June were examined. The lengthweight relationship was calculated based on Anderson and Gutreuter (1983) (W=aTLb (W: weigth, TL: Total length, a, b=parameter), and the degree of obesity was calculated based on Anderson and Neumann (1996) (K=W/TL 3 , W= weigth, TL=total length). In order to calculate the growth and age of Z. koreanus, the length of all individuals collected in August which had just undergone spawning were measured using a Caliper (1/20 mm), based on the total length frequency distribution of the Peterson method (Bagenal, 1978) .
Results and Discussion
Aquatic environment of the individual study site
The aquatic environment of each study site for the observation done in May 14 th and 15 th of 2011 is as follows ( Table 1 ). The water depth was between 10 and 80cm and formed riffles. Influent water of Lake Yukrim (St, 1), a small-scale mountainous stream of the Bongseonsa Stream, showed the lowest level. Water width was between 2 and 80m, and while the Bongseonsa Stream tributary and Bongseonsa Stream are narrow, at under 30m in width, Palya-ri, a Wangsuk Stream channel junction (St. 7), was wider, at between 30 and 80 m. In terms of the riverbed structure, mountainous stream of St. 1 displayed an abundance The study site located in the Gwangreung Arboretum is characterized by rocks and high level of the plant Phragmites japonica towards the coasts. The site also does not have any embankment and exhibited a favorable environment. Furthermore, entrance to the site is prohibited, which led to almost no artificial disturbance. St. 5, 6 and 7, which are located outside of the Gwangreung Arboretum, include a number of embankments and restaurants and residential areas to the coasts, which has led to artificial interference.
Fish fauna
A total of 1,620 fish of 22 species and 8 families were observed in the study sites of this study (Table 2) . Such findings did not show significant difference when compared to the findings of the study in 2007, which reported 22 species and 9 families (Choi and Byeon, 2009) , and a single species of the Z. koreanus was newly discovered in this study. It is predicted that the species was discovered as a result of individuals of the species being captured and released from nearby waters of Sudong Stream and Jojong Stream. Micropterus salmoides, which was observed in 2007 as an introduced species and invasive alien wild plant and animal species, was not observed. M. salmoides is a fish species which prefers flatwaters (Kim, 1997) , and it is assessed that a number of the species' fry were observed from the population living in nearby reservoirs during the 2007 study. Since the study site is a retarding basin, it is predicted that the site is not appropriate as habitat for M. salmoides. 11 species of the family Cyprinidae (50.0%) were observed, marking the highest level of species abundance, followed by 3 species of Cobitidae (13.6%), then 2 species of Siluridae and Odontobutidae each (9.1%). Single species of the families Balitoridae, Amblycipitidae, Cottidae and Gobiidae were also observed. Family Cyprinidae showed the highest level of species diversity, and this corresponded to the typical phenomenon of the freshwater of the Han River water system (Choi and Byeon, 1999; Byeon and Lee, 2006) . A relatively diverse range of fish species were observed for the study sites of the stream. This is assessed to be the result of well-preserved favorable natural state of the aquatic environment of the watercourse and riverbed, and the fact that people are not allowed to enter the stream. Among the fish species observed, a single species of the Cottus koreanus was an endangered species as designated by the Ministry of Environment.
Among the fish species observed, Korean indigenous species included the 10 species of Squalidus gracilis majimae, Microphysogobio yaluensis, Z. koreanus, Koreocobitis rotundicaudata, Iksookimia koreensis, Silurus microdorsalis, Liobagrus andersoni, C. koreanus, Odontobutis platycephala and Odontobutis interrupta (species composition ratio: 45.5%), marking high composition ratio. Indigenous species of the Korean Peninsula are generally found in ripples of mid-stream with varied riverbed structure and favorable water quality and natural environment. Therefore, it is assessed that the composition ratio of the indigenous species was high, since the ripples of mid and mid-upper streams of the Wangsuk Stream were well-preserved. The presence of indigenous species are frequently used as standards to decide the region's fauna (Jeon, 1980) , and the composition ratio of the indigenous species was very high for the study's waters. Therefore, it is assessed that Bongseonsa Stream waters have wellpreserved fish fauna of the Wangsuk Stream water system.
In the Wangsuk Stream water system, which is near the waters of this study, the study by Cha and Yun (1997) reported 3 families and 13 species, and the study by Son (1999) reported 4 families and 13 species. Compared to these studies, this study observed a high number of species, and this is assessed to be due to the fact that the aquatic environment has been well preserved as a result of the area being restricted to the general public and having experienced no artificial interference. 13 families and 31 fish species of the Gwangreung Arboretum are recorded by a study done in 1932 (Forestry Exp. The Government-General of Korea). A total of 17 species of Anguilla japonica, Acheilognathus signifer, Hemibarbus labeo, Hemibarbus mylodon, Gnathopogon strigatus, Saurogobio dabryi, psariichthys uncirostris amurensis, Lefua costata, Pseudobagrus fulvidraco, Pseudobagrus koreanus, Oryzias sinensis, Trachidermus fasciatus, Coreoperca herzi, Siniperca scherzeri, Micropterus salmoides, Macropodus chinensis and Channa argus were not observed in this study (Table  2) . Among these, S. dabryi and T. fasciatus, which are anadromous species and live in the downstream of the Han River (Byeon et al., 2007; Choi and Byeon, 1999; Byeon and Lee, 2006) , are assessed to no longer live in the stream, since a beam was formed in the Wangsuk Stream, disabling entrance from the Han River. Furthermore, species H. labeo, G. strigatus, O. uncirostris amurensis, L. costata, P. fulvidraco, P. koreanus, O. sinensis, C. herzi, S. scherzeri, M. chinensis and C. argus are currently observable in Wangsuk Stream water system. The year 1932 report did not record species and individuals observed in the study and only included species list, making accurate assessment of their habitat difficult. Therefore, there is a possibility that the study site of the main stream of the Wangsuk Stream was defined vaguely in the study conducted in 1932, and (Choi, 1985) , which leads to the conclusion that they have disappeared from the Wangsuk Stream water system (Choi and Byeon, 2009) . It is predicted that Z. koreanus, which are highly susceptible to water pollution and changes in the aquatic environment, have expanded in high numbers to the area surrounding the Bongseonsa Stream. They disappeared as a result of water pollution and aquatic environment deterioration until 2007 but were introduced back to the region and restored in 2008. A total of 7 species of Pseudorasbora parva, M. yaluensis, Orthrias nudus, S. microdorsalis, O. platycephala, O. interrupta and M. salmoides were first observed between 2007 and 2011. It is presumed that species such as P. parva, M. yaluensis, O. nudus and S. microdorsalis have inhabited that area but were not collected as they are found in very low numbers. O. platycephala and O. interrupta were reported as new species after 1932, and M. salmoides was introduced into Korea in 1973.
Individual and species composition ratio
In terms of composition ratio, among the 22 species observed, Zacco platypus (48.8%), Hemibarbus longirostris (8.5%), Z. koreanus (7.6%), Rhynchocypris oxycephalus (6.7%), Pungtungia herzi (6.5%) were found to display high number of individuals. With the exclusion of R. oxycephalus, Z. platypus, H. longirostris, Z. koreanus and P. herzi are found distributed widely over the entire Bongseonsa Stream, alongside abundance in food supply. On the other hand, species which are considered rare species, at under 1.0% individual composition ratio, include Cyprinus carpio, Carassius auratus, P. parva, Misgurnus anguillicaudatus, Silurus asotus, O. platycephala and O. interrupta. Such findings matched with reports (Cha and Yun, 1997; Son, 1999 ) that these species were either not observed or were found in very small number in Wangsuk Stream water systems other than the Bonseonsa Stream.
Dominant species
The dominant species of each study site are as follows ( 5, 7) . In the mountainous stream, the dominant species was R. oxycephalus, and many other waters exhibited the minnow as the dominant species. Such findings agreed with the results of the study in 2007 (Choi and Byeon, 2009 ) and of the study conducted on the Wangsuk Stream water system (Cha and You, 1997; Son, 1999) . The degree of growth and obesity of fish enable the analysis of fish's heath state or reproductive ability in a given environment and can also be used as index which provides various information, such as habitat quality, water quality and feeding ability (Anderson and Gutreuter, 1983; Busacker et al., 1990; Ney, 1993) . Z. koreanus, which was confirmed to have become extinct in Bongseonsa Stream, was introduced into the Bongseonsa Stream for increased species diversity. 300 counts of Z. koreanus were captured in nearby waters of the Sudong Stream and the Jojong Stream in 2008 and freed in Bongseonsa. Z. koreanus was found to be distributed widely in the main stream of the Bongseonsa Stream (St. 2, 3, 5, 6) and was found as dominant species in St. 3. A total of 123 individuals of the species were observed, marking 7.6% of the total individuals observed. Z. koreanus is presumed to have been restored stably after settling in the Bongseonsa Stream. In order to analyze the inhabitation condition, length-weight relationship and degree of obesity and growth were analyzed. Calculation of the length-weight relationship showed the value of constant a as 0.0000007 and b as 3.03, exhibiting that weight is length to the power of approximately 3.03. Typically, parameter b lower than 3.0 signifies that the weight does not increase in proportion with the length, and conversely, value greater than 3.0 signifies that weight does increase in proportion with the length (Seo, 2005) . Study by Choi et al. (2006) also assessed that parameter b greater than 3.0 signifies a relatively favorable growth of individuals. Therefore, since the parameter b of the Z. koreanus introduced and restored in the Bongseonsa Stream was greater than 3.0, it is assessed that the individuals of the species are receiving a relatively good level of nutrients. The average degree of health of Z. koreanus individuals was 0.78 (0.36~1.17), a relatively high number. It is presumed that the aquatic environment of the Bongseonsa Stream is highly suitable as habitat for Z. koreanus. The degree of obesity slope of Z. koreanus individuals was 0.0004, exhibiting the maintenance of a relatively favorable growth and development condition (Fig. 3) . The degree of obesity slope of Z. koreanus individuals found Gapyeong Stream was 0.004 (Choi et al. 2011) . When compared to the growth and development of Z. koreanus living in Gapyeong Stream, the growth and development of Z. koreanus living in Bongseonsa Stream showed a lower level. This is presumed to be the result of food supply of Z. koreanus being lower in Bongseonsa Stream than in Gapyeong Stream.
Length frequency distribution of Z. koreanus
The length frequency distribution of the Z. koreanus collected in June for age study is organized in Fig. 4 . Length distribution was between 40 and 180 mm, and was divided into 3 groups. Length of between 40 and 80 mm was included in the 1 year-old group, between 90 and 120 mm in the 2 years-old group, and over 130 mm in the 3 years-old group. Since the 1 year-old group included the highest number of individuals, it is assessed that stable spawning occurred following the introduction to the Bongseonsa Stream in 2007. Study by Im et al. (2010) on the growth of Z. koreanus stated that 1 year-old fry grow to between 60 and 80 m, 2 years-old fry grow to between 90 and 120 m and that 3 years-old fry grow to over 130 mm. The size of the length matched that of this study, and the growth speed of the Z. koreanus introduced and restored in 
